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Subsequent to the oil crisis in 1970s, the rise of fuel prices heightened the importance of energy conservation. In order to conserve energy, attempts were made to make buildings airtight. As a result, many building types, especially offices, hotels, public and educational buildings, became totally dependent on artificial heating, ventilation and air-conditioning (HVAC) systems. Indoor environmental quality (IEQ) of artificially ventilated buildings tends to be problematic due to the continuous use of HVAC systems.\[[@ref1]\] Additionally, improper operation and maintenance of HVAC systems results in contaminants and gases being circulated from one part of the system to another. IEQ is a measure of various indoor environmental parameters (IEPs) that include illuminance, temperature, sound level, relative humidity (RH), and presence of pollutants \[such as volatile organic compound (VOC), particulate matter of less than or equal to 10 μm (PM 10)\] and gases (such as carbon monoxide and carbon dioxide).\[[@ref2]\]

During the last three decades, investigators have reported a high prevalence of symptoms that are associated with poor IEQ among the occupants of artificially ventilated office buildings.\[[@ref1][@ref3][@ref4]\] These complaints are often referred to as "sick building syndrome" (SBS), a term the United States Environmental Protection Agency (EPA)\[[@ref5]\] uses to describe situations in which building occupants experience acute health effects that appear to be linked to time spent in a building, but no specific illness or cause can be identified. SBS has been characterized by headache, fatigue, dizziness, symptoms of irritation in eyes, nose, throat, lower airways, and/or skin, and non-specific hyper reactivity.\[[@ref6]\] Considering that Americans spend nearly 90% of their time indoors and nearly 25% of the US residents are affected by poor IEQ either at the workplace or at home, EPA ranks poor IEQ as one of the severe national environmental threats.\[[@ref7]\] Although extensive resources have been devoted to the investigation of IEQ problems over the last three decades, the etiology of SBS still remains elusive.

Investigators of SBS have noticed that headaches represent the single most common symptom in almost all indoor environmental studies,\[[@ref8]\] but there is a paucity of research on the association between headache symptoms and IEPs. Among the few studies that have examined headache symptoms and IEQ, one study reported that increasing air temperature above 73.4°F with RH above 50% increased the intensity of headache among a small group of female office workers.\[[@ref9]\] In another study, the effect of air temperature on the occupants' headache was also reported to be significant.\[[@ref10]\] Headache symptoms were found to be less frequent and of lower intensity among the occupants when a personalized ventilation system supplied outdoor air at 68°F, while the most intense symptoms occurred with mixing ventilation.\[[@ref11]\] Other studies have revealed partial correlation between symptoms of headaches, dizziness, heavy headedness, tiredness, difficulties in concentrating among occupants with unpleasant odor, and high CO2 concentrations.\[[@ref10][@ref12]\] Within the wide spectrum of studies trying to identify the association of SBS symptoms with IEPs, no study has investigated the epidemiology of headache symptoms among occupants as it relates to the indoor environmental parameters of their work place. Therefore, the purpose of this study was to determine the prevalence of migraine and headache symptoms in a national sample of US office workers. Also, we explored the association of headache symptoms of these workers with IEPs of their work places.

Materials and Methods {#sec1-2}
=====================
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This was a multi-center cross-sectional study of office workers (*N*=4326) employed in 100 randomly selected large office buildings across 25 states in the US. The study used the data collected by EPA for the Building Assessment Survey and Evaluation (BASE) study during 1994--1998. Data and samples were collected in each of 100 "large" office buildings with a minimum of 50 employees in "metropolitan" cities using a standard protocol over a 1-week period during either the summer or winter season.\[[@ref13]\] IEP data were collected from each building over a period of 1 week; data of occupants' health symptoms were also collected during the same week.

The BASE study confidentially collected occupant information, including gender, age, and health symptoms using a self-administered questionnaire. Data on the prevalence of headache symptoms were collected using a 4-point Likert-type scale that assessed the frequency of headaches in the last 4 weeks as follows: None, 1--3 days, 1--3 days per week, and every or almost every workday. Data on self-reported physician-diagnosed (SRPD) migraine were also collected by asking the participants if a physician had ever diagnosed them with migraine. The responses were in "yes" or "no" format.

Methods {#sec2-2}
-------

At each office building, the IEPs were measured at three indoor locations that were randomly selected. Real-time data on illuminance, sound level, indoor temperature, RH, carbon monoxide (CO), and carbon dioxide (CO2) were collected as 5-minute averages. For the purpose of analyses, this study has used the data collected over a nominal 9-hour period from 8:00 am to 5:00 pm, assuming it to be normal daytime working hours. Two types of monitoring locations were established in each of the study buildings: Fixed and mobile. There were four fixed and five mobile indoor monitoring locations in each of the buildings. In addition, there was one outdoor fixed monitoring location. While integrated, continuous, and real-time time monitoring was conducted at the fixed locations, real-time measurements were collected at the mobile locations. An average for the 7-day period was computed to represent a constant value of the parameter during the office hours in each building as that is the time when workers are exposed to IEPs. VOC canister samples were collected and analyzed by gas chromatograph-mass spectrometry using standardized method.\[[@ref14]\] PM 10 particles was collected on filters, and their mass was computed by measuring the difference in filter weights before and after sampling and dividing it by the sample volume.\[[@ref14]\]

Over the last several years, large-scale measurements of indoor pollutants have been made during investigations of suspected sick buildings. However, there are no well-established limits yet for the exposure to internal pollutants in non-industrial buildings such as offices or homes. The limits set by institutions such as National Institute for Occupational Safety and Health (NIOSH) and American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) are targeted for industrial environments.\[[@ref1]\] For this study, ASHRAE\'s standards were used to categorize IEPs of the buildings as within- or out-of-comfort range for human dwelling. These limits delineate whether a parameter value is safe for human dwelling. Out-of-comfort range IEPs are associated with SBS and other human diseases. RH of 30--60% and temperatures of 69°F--75°F were considered within range. For all other parameters, the values above the sample mean for all the buildings were considered to be out of range and the values below the sample mean were considered to be within range.

Data analysis {#sec2-3}
-------------

Data from the study were analyzed using SPSS 17.0. Data analysis included descriptive statistics with a report of the appropriate frequencies, means, and standard deviations to describe the responses to the questionnaire items as well as the demographic and background characteristics of the respondents. Binary logistic regression analyses were employed to compute the association between the outcome (headache) and selected environmental exposures.

Results {#sec1-3}
=======

Of the 4326 participants, 66% were females and 60% were between 30 and 49 years of age \[[Table 1](#T1){ref-type="table"}\]. Headache frequency reported by the study participants in the past 4 weeks was: None in 31%, 1--3 days in 38%, 1--3 days per week in 18%, and every or almost every workday in 8%.

###### 

Selected characteristics of study participants
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Twenty-one percent of participants had SRPD migraine. Females had higher SRPD migraine prevalence than males \[27% vs. 11%; odds ratio (OR) 3.16, 95% confidence interval (CI) 2.61--3.82, *P*\<0.001\]. Participants were categorized into two groups based on having or not having any headache in the last 4 weeks. Sixty-three percent of the participants reported having any headache in the past 4 weeks. Females were more likely to report any headache in the last 4 weeks compared to males (75% vs. 53%; OR 2.71, 95% CI 2.37--3.11, *P*\<0.001). The prevalence of SRPD migraine was 7% in the group that reported no headaches, 21% in the group that reported 1--3 headache days in the last 4 weeks, 35% in the group that reported 1--3 headache days per week in the last 4 weeks, and 51% in the group that reported headaches every or almost every workday in the last 4 weeks.

IEPs' exposures were categorized into two groups: Within-comfort range and out-of-comfort range for human dwelling. Multivariate logistic regression showed odds of SRPD migraine to be higher (*P*\<0.05) for those exposed to IEPs out-of-comfort range \[[Table 2](#T2){ref-type="table"}\]. The odds for having SRPD migraine were highest for those individuals who were exposed to out-of-comfort range carbon monoxide (OR 1.47, 95% CI=1.16--1.88, *P*=0.002) and carbon dioxide (OR 1.28, 95% CI=1.12--1.49, *P*=0.001). The odds for having SRPD migraine were almost similar for those individuals who were exposed to out-of-comfort range light (OR 1.19, 95% CI=1.01--1.29, *P*=0.035) and temperature (OR 1.18, 95% CI=1.04--1.38, *P*=0.03). Analyses adjusted for gender and age did not significantly alter the odds for having SRPD migraine based on exposure to out-of-comfort range IEPs. Gender was a significant predictor for migraine, but age was not. An interaction between age and gender was significant for IEPs and SRPD migraine.

###### 

Logistic regression analysis for association of SRPD migraine with indoor environmental parameters
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A logistic regression was also conducted to assess the odds of exposure to out-of-comfort range IEPs in different groups of study participants based on their headache frequencies in the last 4 weeks as compared to the group of individuals who reported no headaches in the past 4 weeks. Odds of exposure to out-of-comfort range IEPs were higher in groups that reported higher headache frequencies \[[Table 3](#T3){ref-type="table"}\]. As compared to individuals with no headaches, the odds of reporting exposure to out-of-comfort range carbon monoxide was high for individuals with 1--3 days of headache in the last 4 weeks (OR=1.17, 95% CI=1.01--1.19), higher for individuals with headache for 1--3 days per week in the last 4 weeks (OR=1.21, 95% CI=1.11--1.36), and highest for those individuals who had headaches in every or almost every workday in the last 4 weeks (OR=1.34, 95% CI=1.19--2.01). Similarly, as compared to individuals with no headaches, the odds of reporting exposure to out-of-comfort range carbon dioxide was high for individuals with 1--3 days of headache in the last 4 weeks (OR=1.08, 95% CI=1.04--1.19), higher for individuals with headache for 1--3 days per week in the last 4 weeks (OR=1.28, 95% CI=1.19--1.37), and highest for those individuals who had headaches every or almost every workday in the last 4 weeks (OR=1.33, 95% CI=1.05--1.69). Odds of exposure to out-of-comfort levels of VOC, temperature, and RH were significantly higher (*P*\<0.05) in individuals who reported headache frequency of more than or equal to 1--3 days per week in the last 4 weeks, as compared to individuals who reported no headaches or headaches for 1--3 days in the last 4 weeks. Analysis with models that considered males only and females only was conducted. The associations held true for female only models, but were lost for male only models.
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Logistic regression analysis for odds of exposure to out.of.comfort range IEP in groups based on headache frequency
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Discussion {#sec1-4}
==========

In this study, we found the prevalence of SRPD migraine to be similar to that reported in population-based surveys of persons of similar age.\[[@ref15]\] However, considering the fact that many persons with migraine never seek medical attention and are therefore undiagnosed, it is difficult to compare the prevalence rates of our study with those of population-based surveys. Our finding that migraine is associated with indoor environmental parameter abnormalities in people working in mechanically ventilated environment is corroborated by an earlier study, which found the association with migraine to be higher than in naturally ventilated buildings, particularly when the mold and dust content was high.\[[@ref16]\] In addition, the literature also supports the association of headache with CO and particulate exposure.\[[@ref17]--[@ref19]\] Our findings that a migraine diagnosis is more common in those exposed at work to out-of-comfort range light and sound has been reported, but usually in the context of these parameters serving as a trigger in susceptible individuals.\[[@ref20][@ref21]\] The impact of temperature and RH on migraine has been found to be negligible, but these data are from studies of the weather rather than the indoor environment.\[[@ref22][@ref23]\]

The finding that the odds of exposure to out-of-comfort range IEP increased with increasing headache frequency is novel and suggests a possible association. The etiology is uncertain, but it has been hypothesized that chemical irritants in the environment entering through the body through the respiratory system directly trigger peripheral nerve receptors. When the impulse is relayed to the central nervous system, it is redirected to another location, leading to the release of inflammatory neuropeptides at this distant site. This process is referred to as neurogenic switching and has been implicated as a potential mechanism of the SBS--migraine association.\[[@ref24]\]

The strengths of the study include the large number of sites and their geographic diversity, as well as the broad spectrum of IEPs we selected. There are, however, several limitations of this study. The information on migraine prevalence comes from self reports, and we do not have information on whether physicians based the diagnosis on International Headache Society (IHS) criteria. In addition, it is not clear whether the diagnosis of migraine was established before or after starting of employment. Fixed site monitoring in each building may not fully reflect variation in exposure between individuals. Also, individual data on potential confounders such as socioeconomic status, race, medication use, and co-morbid conditions were not available. A variety of confounders that could relate to headache were not considered in the analysis as the original database did not have detailed elicitation of this information from participants. This may have limited our abilities to capture the true odds of having headaches in an environment that would be considered out of human comfort zones. However, higher odds of health symptoms have also been reported by several investigators who have analyzed this database for other health problems.\[[@ref25][@ref26]\] Lastly, associations between IEPs decrease our ability to attribute the observed associations to individual parameters.

Whatever the cause, headaches related to office environment may have an impact on productivity. Several studies suggest that poor indoor air quality may affect productivity.\[[@ref25]--[@ref27]\] Effective intervention strategies to reduce prevalence of headache and other symptoms of SBS should follow a systematic approach. Collecting frequent data of IEPs of the office buildings and employing a monitoring system is of prime importance. Based on the IEP data collected, a health risk management plan for the occupants should be designed. Additionally, as work stress appears consistently associated with symptoms,\[[@ref28]\] the occupants should be educated through proper health promotion programs. Strategy to increase awareness among the occupants on health and IEQ in general and air pollution and health effects in particular should be instituted as part of the health promotion programs. Lastly, reformation of operation and maintenance program of HVAC systems should be made an integral part of the systematic intervention strategy.
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